APPARATUS FOR CONNECTING A SEMICONDUCTOR DIE TO A 
SUBSTRATE AND METHOD THEREFOR 



Field of the Invention 

This invention relates generally to semiconductor devices, and more 
particularly, to an apparatus and method for contacting a semiconductor die to a 
substrate. 

Background of the Invention 

In some semiconductor manufacturing processes, such as for example, "flip 
chip", bumps are fabricated on pad areas of a semiconductor die in order to 
interconnect the die to a package or to a substrate. The substrate is used to 
interface the electrical circuits of the semiconductor die to a printed circuit board. 

FIG. 1 illustrates a prior art semiconductor die 10 with a solder bump 16 and 
a substrate 20 prior to making an electrical connection. There are various ways to 
form solder bump 16 on semiconductor die 10. In general, a pad 12 is first formed 
on die 10. A copper stud 14 may then be formed on pad 12 for supporting a solder 
bump 16. A corresponding pad location is provided on substrate 20. A copper 
trace 22 is formed on substrate 20 that will cross the pad location. At the 
designated location on copper trace 22, a pad area is defined. The pad may be 
prepared by forming a nickel layer 26 on the copper trace 22. A relatively thin 
gold layer 24 is then formed on the nickel layer 26. A soldermask 28 is formed 
around the pad area to contain the solder when it is melted so that the liquid solder 
stays on the pad area and does not wick along the copper trace. Also, the 
soldermask controls the shape of the bump that helps to maintain a minimum 
standoff height between the semiconductor die 10 and the substrate 20. 

FIG. 2 illustrates the semiconductor die 10 and the pad area of substrate 20 
of FIG. 1 after making the electrical connection. To electrically connect 
semiconductor die 10 to substrate 20, semiconductor die 10 is positioned so that 
when solder bump 16 is melted, or reflowed, the melted solder will wet the gold 
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layer 24 to form an electrical connection. The shape of the soldermask, the volume 
of the solder bump, the size of the pad, etc. are important considerations for 
making a reliable electrical connection that has the minimum standoff height. Note 
that gold layer 24 has been diffused into the solder bump and therefore is not 
5 shown in FIG. 2. 

An integrated circuit manufactured using ''flip chip'' technology may have 
hundreds of these solder bumps. As the number of bumps on the integrated 
circuit increases, it is desirable from a cost and die size perspective for the solder 
connections to be smaller and formed closer together. However, the amount a 
10 soldermask opening can be reduced in size is limited by the ability of the 

soldermask material and process used to resolve at the necessary pad opening size. 

Therefore, a need exists to create solder bump connections in semiconductor 
manufacturing that are reduced in size, pitch, and have good reliability. 

15 Brief Description of the Drawings 

The present invention is illustrated by way of example and not limited in 
the accompanying figures, in which like references indicate similar elements, and 
in which: 

20 FIG. 1 illustrates a prior art semiconductor die with a solder bump and 

substrate pad area prior to making an electrical connection. 

FIG. 2 illustrates the semiconductor die and substrate pad area of FIG. 1 
after making the electrical connection. 

FIG. 3 illustrates a semiconductor die with a solder bump and substrate pad 
25 area prior to making an electrical connection in accordance with the present 
invention. 

FIG. 4 illustrates the semiconductor die and substrate of FIG. 3 after the 
electrical connection is made. 

FIG. 5 illustrates a top-down view of a portion of a substrate in accordance 
30 with the present invention. 

FIG. 6 illustrates a cross-sectional view of the portion of the substrate of FIG. 

5. 
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Description of a Preferred Embodiment 

Generally, the present invention provides a solder bump structure and a 
method for forming a bump structure that includes a conductive trace formed on a 
5 substrate having a first surface area, the first surface area being of a first 
solderability. A conductive pad is formed on the first surface area of the 
conductive trace. The conductive pad has a second surface area, the second surface 
area being of a second solderability. The second solderability is greater than the 
first solderability. Because of the different solderabilities, the solder bump on the 
10 semiconductor die can be reflowed and cormected to the second surface area 

without using an additional layer to contain the solder on the second surface area. 

FIG. 3 illustrates a semiconductor die 40 with a eu tec tic solder bump 46 
prior to making an electrical cormection with a pad area 56 on substrate 50 in 
accordance with the present invention. A pad 42 is formed on semiconductor die 
H 15 40. A copper stud 44 may then be formed on pad 42 for supporting a solder bump 
p; 46. In the illustrated embodiment, the solder bump 46 has a diameter of 

i;.^ approximately 50 microns. There are various techniques for forming the solder 

bumps on semiconductor die 40, such as for example, the C4 (Controlled Collapse 
Chip Connection) bump process, or the E3 (Extended Eutectic Evaporative) bump 
20 process, or the like. The method used to form solder bump 46 is not important for 
^1 purposes of describing the present invention and will not be described further. 

M= In the illustrated embodiment, a dielectric portion of substrate 50 is a 

^ conventional substrate formed from an organic material. In other embodiments, 

substrate 50 may formed from an inorganic material, such as for example, silicon. 
25 A pad location is provided on substrate 50 corresponding to the placement of 

solder bump 46. A copper trace 52 is formed on substrate 50. The copper trace is 
routed on substrate 50 to transmit electrical signals between the integrated circuits 
on semiconductor die 40 and a printed circuit board (not shown). In some 
embodiments, the copper trace may actually be a via formed under the pad area. 
30 At a designated location on copper trace 52, the pad area is defined for contacting 
and electrically connecting with solder bump 46. The pad area is prepared by first 
forming a nickel layer 54 on the copper trace 52. A gold layer 56 is then formed on 
the nickel layer 54. Note that in the illustrated embodiment gold is the material 
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used for layer 56. However, in other embodiments, the gold may be replaced with 
another oxide resistant wettable metal. In addition, the layer 56 may be a mask 
that is removed when the oxidation of copper trace 52 is complete. 

The gold of gold layer 56 has a greater ''solderability'' than the copper of 
5 copper trace 52. For purposes of describing the present invention, the 

solderability, sometimes known as ''wettability'', of a metal is defined as the 
relative ease in which the metal can be soldered. Generally, gold is known to be 
easier to solder than copper, therefore, gold has a greater solderability than copper 
when using the lead-tin solders common in semiconductor manufacturing. In 
10 addition, copper is known to more easily form oxides on its surface than gold. The 
oxides further decrease the solderability of copper, thus requiring the use of a 
solder flux to help form reliable solder joints. In the illustrated embodiment, the 
need for a soldermask is eliminated by using conductive layers that have different 
"5 solderabilities. In addition, the presence of an oxide layer on the surface of, for 

N 15 example, copper trace 52 further increases the difference in solderability between 
5J the gold and copper. The oxide layer may simply be a native oxide or an oxide 

layer deposited or grown on the surface of copper trace 52. Therefore, the solder is 
Z:! less likely to wet the surface of the copper having the oxide, thus effectively 

r forming a dam that inhibits the solder from wicking along trace 52. 

^ 20 By eliminating the need to use a soldermask, smaller solder pads can be 

used. Also, the smaller pads can be formed on a smaller pitch. In addition, a 
H smaller pitch allows more densely routed traces across the substrate. In the 

illustrated embodiment, the solder bumps are about 50 microns in diameter, and a 
pitch between two adjacent traces is about 100 microns, where "pitch" is defined as 
25 the distance between the centers of two substantially parallel traces. Also, 

eliminating the soldermask layer helps maintain a greater standoff height (labeled 
"A" in FIG. 4) between the semiconductor die 40 and substrate 50 as compared to 
the prior art of FIG, 1 and FIG. 2. 

FIG. 4 illustrates the semiconductor die 40 and substrate 50 of FIG, 3 after 
30 the solder bump is melted, or reflowed, and electrical connection is made between 
semiconductor die 40 and substrate 50. During the reflow process, gold pad 56 is 
diffused into the solder bump and disappears as a separate, distinct layer. FIG. 4 
illustrates that the difference in solderability between the gold and the native 
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oxides on the copper inhibits solder wicking down copper trace 52, thus providing 
a ref lowed solder bump with adequate standoff height labeled ''A''. 

FIG. 5 illustrates a top-down view of a portion of substrate 50 in accordance 
with one embodiment of the present invention. The gold pad 56 is formed on one 
5 end of copper trace 52. In the illustrated embodiment pad 56 has a generally 
rectangular shape and a surface area partly defined by the width of copper trace 
52. In other embodiments, the shape of pad 56 can be different. Also, for 
illustration purposes, only one trace 52 is shown, in other embodiments, many 
traces may be routed substantially parallel to trace 52. Also illustrated in FIG. 5 is 
10 another gold pad 62 connected to a via 64. Via 64 is used to provide electrical 

connection from one metal layer of substrate 50 to another metal layer of substrate 
50. Substrate 50 may have many metal layers. Gold pad 62 is formed in a manner 
similar to gold pad 56. In some embodiments, a soldermask layer 60 may be 
formed over substrate 50 in an area around the die attach area. Copper trace 52 is 
15 shown continuing under soldermask layer 60 as dashed lines. After the 

semiconductor die is attached to the substrate, an epoxy is used to physically 
attach the die to the substrate (not shown). The epoxy will cover the bump 
structures and provide strength and enhance reliability of the connections. When 
the epoxy is applied to substrate 50, it will cover substrate 50 around the die up to 
H; 20 the edge of soldermask layer 60. 

FIG. 6 illustrates a cross-sectional view of the portion of the substrate of FIG. 
5 on a line along the center of copper trace 52. A semiconductor die (not shown) 
will be positioned over substrate 50 so that the solder bumps on the die will align 
with the corresponding pad locations on substrate 50. Depending on the size of the 
25 die and the location of the bumps on the die, an edge of the die will be somewhere 
between pad 56 and soldermask layer 60. 

While the invention has been described in the context of a preferred 
embodiment, it will be apparent to those skilled in the art that the present 
invention may be modified in numerous ways and may assume many 
30 embodiments other than that specifically set out and described above. For 

example, other metals that have different solderabilities may be used to form the 
trace and the solder pad instead of copper and gold. Accordingly, it is intended by 
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the appended claims to cover all modifications of the invention which fall within 
the true scope of the invention. 
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